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Abstract
In ecological systems we have univoc biomass transfer from Herbivorous to Carnivores, and from Plants to Herbivorous, respective
in ﬁnancial system we have biunivoc capital transfer from Mother Bank to Subsidiary Bank, and from Subsidiary Bank to Individ-
uals or Companies; in our approach we study the Individuals suppliers/clients. Three level Lotka-Volterra TLV model is a system
of differential equations which analyzes the banking. Three Lotka-Volterra with regulators/decompozers - TLVRS is a system of
stochastic differential equations that analyze the equilibrium of banking sector - solution of Fokker-Planck-Kolmogorov stochastic
equation in idea to ﬁnd the dinamical equilibrum point for the Banking System.
c© 2012 Published by Elsevier Ltd. Selection and peer-review under responsibility of the Emerging Markets Queries in Finance
and Business local organization.
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1. Introduction
Banks are ﬁnancial institutions and intermediaries that accept deposits, grant loans and actively participate in the
stock market derivatives as an interface between customers / suppliers (individuals or companies) that have a shortage
of capital and customers / suppliers (individuals or companies) that have a surplus of capital.
The earliest manifestations of ”banking phenomenon” are: Monte dei Paschi di Siena, headquartered in Siena,
Italy, continuously operating since 1472, followed by Berenberg Bank of Hamburg (1590), Germany, and Sveriges
Riksbank of Sweden (1668), Sweden - Boland, 2009.
Banking regulations are governmental or non-governmental forms of regulation subject to certain requirements,
restrictions and guidelines. This regulatory structure creates transparency between banks and individuals and corpo-
rations with whom they work. Financial institutions, especially investment banks have control over the economy with
enormous consequences for national economies and global instability. The objectives of bank regulation are: avoiding
misuse of banks, credit allocation, protect banking conﬁdentiality, prudentiality, systemic risk reduction, providing
the best customer service.
Thompson, 2011 argue that conceives the ﬁnancial system as akin to an ecological network: in light of these
axioms we considered the following three levels of organic nature with suitable food chain in Fig. 1. where we have
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Individuals 
Fig. 1. Ecological System - versus - Banking System
the ﬁrst level carnivores, herbivores and the next tier of biomass on the third level.
Table 1. Ecological System - versus - Financial System
Transfer Level1 Level2 Level3
Ecological System Biomass Carnivores Herbivorous Plants
Financial System Capital Mother Bank Subsidiary Bank Individuals
In ecological systems we have univoc biomass transfer from Herbivorous to Carnivores, and from Plants to Her-
bivorous, respective in ﬁnancial system we have biunivoc capital transfer from Mother Bank to Subsidiary Bank, and
from Subsidiary Bank to Individuals or Companies; in our approach we study the Individuals suppliers/clients see
Table 1.
2. Three Lotka-Volterra TLV
Lotka-Volterra model belongs to the family of Prey-Predator population model that has the ﬂow of biomass.
Volterra, 1931; Lotka, 1920 see 1. {
x′1(t) = x1(t)(a−b · x2(t)),
x′2(t) =−x2(t)(c−d · x1(t)).
(1)
, where x1(t) is the number of prey, x2(t) is the number of some predator, x′1(t), and x′2(t) are growth rates of the
two populations, and a,b,c,d are parameters.
The so-called TLV, which is studied in our paper, represent a tri-trophic capital chain which appears when a top
predator Mother Bank ”feeds” on an intermediate consumer Subsidiary Bank, which in turn ”feeds” on a capital-
resource Individuals ⎧⎪⎨
⎪⎩
x′1(t) = x1(t)(a1−b1 · x2(t)+ c1 · x3(t)),
x′2(t) = x2(t)(−a2+b2 · x1(t)),
x′3(t) = x3(t)(a3−b3 · x1(t)).
(2)
, where ai, bi, c1 , i∈ {1,2,3} are positive constants. TLV nonlinearmathematical model of an ecosystem consisting
of a herbivorous species (the number of individuals of which is x1(t)), a carnivorous one x2(t), and of plants, the
quantity of which is denoted x3. For every initial value (x1(0);x2(0);x3(0)); the above system has a unique solution
(x1(t);x2(t);x3(t)) which is continuous on 0;+∞ Haimovici, 1980; Apreutesei, 2006.
We introduce in the banking system some control variables u and v; whose role is to separate (partially or totally)
the three populations from each other.
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Individuals Country B
Fig. 2. Banking System
Individuals Country B
Fig. 3. Reglementation of Global Banking System by regulators/decompozers
3. Three Lotka-Volterra with regulators/decompozers TLVR
Denote by 1−u the rate of separation between the individuals and the mother bank species and by 1− v the rate
of separation between the subsidiary banks species and the individuals in sistem 3.⎧⎪⎨
⎪⎩
x′1(t) = x1(t)(a1−b1 · x2(t) ·u+ c1 · x3(t) · v),
x′2(t) = x2(t)(−a2+b2 · x1(t) ·u),
x′3(t) = x3(t)(a3−b3 · x1(t) · v).
(3)
According to Apreutesei, 2006; Apreutesei, 1998:
• If −b1 + b2 ≤ 0,c1 − b3 ≤ 0; then the maximization of the number of individuals is obtained if the TLV are
completely separated from each others;
• If −b1+b2 ≤ 0,c1−b3 > 0; then the total size of the three species is maximized if the mother bank and subsidiary
bank species are completely separated, while the individuals and the subsidiary bank species are either not separated
at all, or completely separated.
Individuals Country B
Fig. 4. Three Lotka-Volterra with regulators/decompozers - TLVR
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4. Three Lotka-Volterra with regulators/decompozers - TLVRS: Stochastic approach
The LotkaVolterra see 1 non-linear system of differential equations is an example of a Fokker-Planck-Kolmogorov
Unal and Sun, 2007 equation 4:
∂ p
∂ t +
n
∑
j=i
∂ p f j
∂x j
− 1
2
·
n
∑
k=1
n
∑
l=1
r
∑
α=1
∂ 2gkαglα p
∂xk∂xl
= 0 (4)
According to Itoˆ system of the form 5:
dxi = fi(x, t)+
r
∑
α=1
giα(x, t)dWα ,1≤ i ≤ n. (5)
, where where fi(x, t) is a drift vector and giα(x, t) is a diffusion matrix, and dWα a is an increment vector of
Wiener processes.
We consider the following Three Lotka-Volterra with regulators/decompozers - TLVRS: Stochastic approach:⎧⎪⎨
⎪⎩
dx1 = x1(λ − x2+ x3)dt+ s1dW1,
dx2 = x2(λ − x3+ x1)dt+ s2dW2,
dx3 = x3(λ − x3+ x1)dt+ s3dW3.
(6)
, where λ ,s1,s2,s3 are constants; when s1 = 0,s2 = 0, and s3 = 0 from Equation 6 whe have the clasic TLV from
Equation 2.
Proposition: ( ¨Unal - Sun Unal and Sun)
Suppose that:
dxi
dt = fi(x, t),
n
∑
j=i
∂ f j
∂x j
= D,1≤ i ≤ n. (7)
has the conserved quantity like:
I(x) =
l
∑
β=i
Lβ xβ + Il(xˆ1, xˆ2, · · · , xˆl−1, xˆl ,xl+1, · · · ,xn), (8)
then the Fokker-Planck-Kolmogorov equation corresponding to Itoˆ system is:⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩
dx1 = f1dt+ s1dW1,
dx2 = f2dt+ s2dW2,
.
.
.
dxl = fldt+ sldWl ,
dxl+1 = fl+1dt,
.
.
.
dxn = fndt,
(9)
has the solution:
p(x, t) =
1√
2 ·π ·S · t · e
(
− I22·π·S·t −D·t
)
(10)
, where
S =
l
∑
β=1
s2β ·L2β (11)
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According to Proposition 4, the corresponding FPK equation:
∂ p
∂ t + x1 · (λ − x2+ x3) ·
∂ p
∂x1
+ x2 · (λ − x3+ x1) · ∂ p∂x2 + x3 · (λ − x3+ x1) ·
∂ p
∂x3
+3 ·λ · p− 1
2
3
∑
k=1
s2k
∂ 2p
∂x2k
= 0. (12)
has the solution
p(x1,x2,x3, t) =
1√
2 ·π ·S · t · e
(
− e−2·λ ·t2·π·S·t ·(x1+x2+x3)2−3·λ ·t
)
(13)
, where S = s21+ s22+ s23
5. Conclusion
Three Lotka-Volterra with regulators/decompozers - TLVRS represent a system of stochastic differential equations
that analyze the equilibrium of banking sector - solution of Fokker-Planck-Kolmogorov stochastic equation in idea to
ﬁnd the dinamical equilibrum point for the Banking System. In our future work we analyse the entire banking system
in a cluster of Fokker-Planck-Kolmogorov stochastic equations.
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